The use of pollen and spores in environmental studies is primarily in its application to the study of vegetational history and the relevance of atmospheric pollen content to the vegetation of a region is related to the palynomorphs produced in situ and those supplied from the surrounding ecological zones. Aeropalynological studies towards monitoring environmental change in Akoko North-East Local Government Area of Ondo State, Nigeria through pollen analysis was carried out in five randomly selected locations comprising of ten sampling sites to determine the pollen types present in the atmosphere of the study environment and the relationship between the airborne pollen assemblages with its vegetation. The palynomorphs were collected with Modified Tauber Sampler using simple random sampling technique and analyzed palynologically. All data were subjected to statistical analyses and results showed that 15,286 palynomorphs were documented of which 149 pollen types belonging to 67 angiospermic plant families were encountered. Three (3) were identified to family level, 48 to species level, 97 to generic level and one (1) unidentified. The presence of Empetrum nigrum, Linum sp. and Vitellaria paradoxa pollen indicates evidence of long distance transport. Pollen types from exotic plants and charred plant particles were part of the atmospheric palynomorphs content recorded as evidence of human impact. Pollen assemblages reflected tropical rainforest vegetation type despite high level of anthropogenic activities. Environmental monitoring through pollen rain analysis and adequate conservation measures through afforestation and prevention of annual bush burning are recommended for safety health and environmental sustainability in the studied area.
Introduction
The study of vegetation and the way in which it has been altered and developed in the course of time indicates past changes that have occurred in our terrestrial environment. Variations in climate and in the intensity of human activity in historic and prehistoric times have made their mark upon vegetation, and the plants themselves have left a record of these changes in the form of vast quantities of pollen grains which have survived in contemporary sediments [1] .
The use of pollen and spores in environmental studies is primarily in its application to the study of vegetational history. Conclusion about climate and human disturbances could be deduced from such analysis and they are termed secondary deductions [2] . Fact gathered from such analysis could be useful to climatologists and oil explorationists among others [3] . Basically, pollen analysis is a technique for reconstruction of former vegetation by means of the pollen grains recovered from sediments. Since the pollen grain exine is resistant, it may have a long geological life once it is incorporated into sediment, but only if the grains avoid mechanical attrition and chemical changes such as oxidation [4] .
The relevance of atmospheric pollen content to the vegetation of a region is related to the palynomorphs produced in situ and those supplied from the surrounding ecological zones. Pollen and spores are generally produced in excess of the biological needs of the plants. Established observations have shown that anemophilous plants release large quantities of pollen into the air, while entomophilous taxa release smaller amounts. The behavioural patterns leads to differences in the quantity of pollen and spores of various taxa available in the atmosphere, and which of them can be trapped during sampling.
The widely dispersed pollen provides a broad picture of the surrounding vegetation of the areas in which they are produced. Even though sometimes, some of them are blown into these areas from distant places, experienced palynologists are most of the time able to detect these re-deposited pollen and spores by differences in preservation (e.g. colour, corrosion, wear), ecological or stratigraphical inconsistencies and other associated evidences of being redeposited [5] .
The quantity and quality of palynomorphs, especially pollen grains and spores in the air at any given time depend largely on the plant and fungi producing them, the abundance of the plant communities, the nature of palynomorphs, the flowering or season of reproduction and the meteorological factors such as rainfall, humidity, temperature, wind speed and wind direction [6] .
In recent years, many palynological studies have been carried out in West Africa. These studies have helped in reconstructing past vegetation types of different ecosystems as well as predicting the type of climatic conditions that prevailed during such periods [7] [8] [9] [10] [11] [12] [13] .
The aim of the present study is to determine the pollen types present in the atmosphere of the study environment and the relationship between the airborne pollen assemblages with its vegetation.
Material and methods

Description of the Study Area
Akoko North-East is a Local Government Area in Ondo State, Nigeria. Its headquarters is in the town of Ikare. It has an area of 372Km 2 and a population of 175,409 at the 2006 Census.
Vegetation of the study area
The natural vegetation of Ondo State is the high forest, composed of many varieties of hardwood timber such as Milicia excelsa, Antiaris africana, Terminalia superba, Lophira procera and Symphonia globulifera. In the northern districts, the vegetation consists of woody savanna featuring such tree species as Blighia sapida and Parkia biglobosa. The swamp flats are the domain of the fresh water swamp forests in the interior and the units of mangrove vegetation near the coast. The sand ridges are characterized by savanna and stunted rain forests taxa. Over most part of the state, the natural vegetation has been very much degraded as a result of human activities, the chief of which is based on the rotation of bush fallow system and lumbering. As a result, the original forest is now restricted to forest reserves. An important aspect of the vegetation of the Ondo State is the prevalence of tree crops. The major tree crops include Theobroma cacao (Cocoa), Cola nitida (Kola), Coffee arabica (Coffee), Hevea brazillensis (Rubber), Elaeis guineensis (Oil palms) and Citrus spp., cocoa being the most prevalent.
Climate
The climate of Ondo State is of the Tropical Rain Forest type, with distinct wet and dry seasons. In the south, the mean monthly temperature is 27 °C, with a mean monthly range of 2 °C, while mean relative humidity is over seventy five percent. However, in the northern part of the state, the mean monthly temperature and its range are about 30°C and 6°C respectively. The mean monthly relative humidity is less than seventy percent. In the south, rain falls throughout the year, but the three months of November, December and January may be relatively dry. The mean annual total rainfall exceeds 2000 millimetres. However, in the north, there is a marked dry season from November to March when little or no rain falls. The total annual rainfall in the north, therefore, drops considerably to about 1800 millimetres.
Sampling techniques
A total of 10 locations were selected within 5 representative communities in Akoko North-East Local Government Area of Ondo State, Nigeria as sampling sites. The sampling sites for the study was purposely [14] selected to reflect (represent) as far as possible the Local Government Area of the study. In choosing the sites, consideration was also given to urbanization, accessibility, and safety of the sampling (experimental materials) instruments among others.
At each site, a pollen trap (Modified Tauber Sampler) was mounted according to the methods of Tauber [15, 16] , Pardoe et al. [17] and Giesecke et al. [18] . Prior to this, a mixture of glycerol (65 ml), formalin (30 ml) and phenol (5 ml) was poured into each of the trap. The positions of the traps at various locations were recorded using a Global Position System (GPS). The solutions in the trap prevented the palynomorphs from drying up, kill insects and also prevented the decay of dead organisms. The trap was left to stand throughout the duration of the study period. Fortnightly of each month, solution collection was done. The traps were washed with water to remove any contaminants and were then recharged with the above mentioned chemical solution. This procedure was repeated bimonthly from October 2016 to December 2017 (dry season and rainy seasons' samples) for one year. The palynomorphs were recovered through centrifugation at 2000 r.p.m (revolution per minute) for 5 minutes and supernatant decanted each time. The precipitates were washed twice with distilled water and recovered through centrifugation. The sediments were treated with glacial acetic acid to remove water before acetolysis [2, 19] . The recovered precipitates were washed with glacial acetic acid, and finally washed twice with distilled water, centrifuged each time and decanted. The recovered palynomorphs were stored in a plastic vials in glycerin and ethanol solution (2:1).
The palynomorphs were analysed palynologically and microscopically with Olympus microscope at x400 magnification for counting and Leica microscope at x1000 magnification for detailed morphological studies. Palynomorphs identification, counting and classification was done with the help of reference descriptions and photomicrographs from Agwu and Akanbi [19] , Bonnefille and Riollet [20] , Kremp and Kawasaki [21] , Sowunmi [22] and Shubharani et al. [23] . In addition, prepared slides of pollen samples in the Palynological Research Unit; Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba-Akoko, Nigeria were used.
Results and Discussions
The results of the study of airborne palynomorphs precipitation showed that the following particulate entities: pollen grains, spores of pteridophytes and fungi, diatom frustules, fungal hyphae, arthropods (insects and insect parts), plant tissues and bryophyte parts as well as charred plant particles were recorded at varying quantities and qualities (Table  1 ). Comparative analysis showed that pollen grains constituted the highest counts, followed by charred plant particles, arthropods, diatom frustules, plant tissues, bryophyte particles and fungal hyphae ( Table 1 ). The distribution of palynomorphs abundance is presented in Fig. 1 . Absolute palynomorphs counts across the study locations are given in Table 2 while the Mean pollen grains recorded at the study locations are shown in Table 3 . Statistical analysis shows that there was significant difference in the mean pollen grains counts recorded across the study locations. Photomicrograph of some selected palynomorphs is presented in Fig. 2 . 
Elaeis guineensis
Pollen grains with absolute count of 1,540 were encountered in the study. Elaeis guineensis which is a major pollen contributor in this study is found in all forms of sub-types vegetation in Akoko environment, Ondo State ranging from urban flora to grasslands, farmlands, woodlands and mature nature forests. Akoko people are known for the cultivation and production of oil palm and palm produce. Because of their enormous economic benefits, they are protected and established in farms and plantations. They flower virtually all year round, hence its characteristic increase and decrease in pollen content; turning out large quantities of pollen grains particularly at the major flowering periods. Its presence in the pollen spectra of the study area depicts extension of wooded grassland and traditional forest.
The aerodynamic properties of the pollen grains promote their dispersal and distribution in the turbulent air mass. This accounts for part of the reason why the pollen grains of Elaeis guineensis were trapped in the atmosphere throughout the twelve (12) months of study and at each each sampling site at least in reasonable proportion. Findings corroborated favourably with the report of [24] .
Poaceae
Pollen encountered in this study totaled 4,452. The grass family was reported to be the major contributors to airborne pollen assemblage in most aeropalynological studies [5, 8, 9, 13, 25] . Mabberley [26] in Latorre and Belmonte [27] reported that the Poaceae family has a cosmopolitan distribution representing 20% of the world's vegetation cover. With the light microscope, it is difficult to separate the Poaceae pollen on the species level. For this reason, all Poaceae pollen grains are grouped together.
However, the increase of grass pollen could also be attributed to the fact that most members of these family flowers and shade their floral parts and subsequent shriveling of these flowers which eventually makes the entire plants to dry up as the environment approaches extreme dryness and destruction through annual bush burning thereby liberating their pollen into the atmosphere.
Similar results of high Poaceae pollen counts have been obtained by previous researchers [5, 6, 28, 29, 30, 31 , and 32].
Alchornea cordifolia
Contributed about 392 pollen grains in the airborne pollen spectrum of Akoko North-East Local Government Area of Ondo State, Nigeria. Alchornea cordifolia is associated with human activities in the studied environment and also as early colonizers of deforested environment. The human impact on the tropical rainforest probably fostered the growth of Alchornea cordifolia and the presence of its pollen reflects the impact of anthropogenic activities on the study environment. The high record of its pollen grains is attributed partly to the anemophilous mode of pollination and the buoyant capacity of the pollen grains [24] .
Casuarina equisetifolia
Casuarina equisetifolia is an exotic plant and produces abundant pollen grains (269) in this study. It is grown in most places as ornamental tree and the pollen has been widely recorded in most aeropalynological studies in Nigeria in addition to those of Poaceae, Elaeis guineensis, Alchornea cordifolia and members of the family Asteraceae among others [30, 33, 34, 35, 36, 37] . It could also be pointed out that the relative abundance of the pollen of most of these plants in all the location is not only as a result of their copious pollen producing capacity and anemophilous mode of pollination, but their general distribution at all the sampling locations.
Though most of the pollen types encountered from the study reflected to a greater extent the flora of Akoko environment, the presence of pollen of Empetrum nigrum, Linum sp. and Vitellaria paradoxa is a valid evidence of long distance transport by the North East trade wind from Europe and the West Mediterranean region southwards and the action of meteorological factors in the transportation and dispersal of these pollen grains away from their source locality to another area of the same and/ or different ecological characteristics since the plant has not been sited anywhere in the study (locations) environment for example.
Empetrum nigrum
Empetrum nigrum contributed about 7 pollen grains in this study. Evolutionary biologists have explained the stricking geographic distribution of Empetrum nigrum as a result of long distance migratory bird dispersing seeds from one pole to the other [38] .
Linum
Linum species contributed about 52 pollen grains in this study and are native to temperate and subtropical regions of the world while Vitellaria paradoxa formally known as Butryospermum paradoxum grows abundantly in the northern Guinea Savanna and contributed about 27 pollen grains in this study. The presence of their pollen in the airborne palynomorphs of the studied environment can be attributed to the impact of long distance transport.
Pteridophytes
Spore of pteridophytes constitutes a very low proportion of the total palynomorphs encountered in the study (Tables  1 and 2 ). Due to identification problems, only six fern spore types were identified to generic level while majority of the spores were classified under monolete and trilete. A total of 236 fern spores were recorded. The dominant ones are Goniopteris vivipara and Callistopteris apiifolia. The monolete spores (177) were more abundant than the trilete spores (18) . The results presented in this study showed that a considerable quantity of the fern spores were recorded at the locations Auga (62), Iboropa (58), Akunnu (47), Ikare (44) and Ise (25) respectively during the early rainy season, but declined with the increase in rainfall from July which may be compared to the dry season where only a few ferns sporulate due to unfavourable conditions [39] . Nevertheless, the unusual increase in the abundance of fern spores in the months of October, September and November respectively could be attributed to the action of meteorological factors for example wind; which waft up the dried and already deposited dry airspora into the air current (wave) causing an unusual increase in the atmosphere.
Charred plant particles
These are charred particles of grasses, weeds, herbs and trees released during domestic or wild fire incidence that are wafted into the atmosphere. They mostly constitute of charred cuticles, epidermal layers, cells and other plant tissues. A total of 8 plant tissues and 1,294 charred plant particles were documented in this study (Tables 1 and 2) . A reasonable quantity of them was trapped at all the locations and was recorded from the air throughout the study duration especially during the dry period of the year. They serve as indicator of bush fire and can be used in monitoring the intensity and frequency of bush fires. Findings agree favourably with the report of Agwu [6] and Morley and Richards [40] who demonstrated the application of 'Charred Graminae Cuticle' as a key identification of late Cenozoic climate changes in the Niger Delta of Nigeria.
Diatom frustules
The Diatom frustules were among the consistent particles recorded in this study and they represent an aspect of algal microflora in Akoko environment. A total of 935 Diatom frustules were encountered in this study (Table 1) . They occurred in reasonable quantities throughout the period of study and were recorded at all the locations and may be associated with dry ponds, drying of seasonally flooded places and loose dry soils that provide habitat to these algae. During prolonged dryness in Akoko North-East environment, ponds and other water logged areas dry up and expose the fresh water algae (diatoms) to dust storms/ strong harmattan winds. The whirl winds waft up the dried mud into the air current causing an unusual increase in the atmosphere. Their increase in the airspora of Akoko North-East environment is an indication of increasing dryness and the arrival of long distance transported materials from Northeast (NE) trade wind otherwise known as Harmattan. Findings corroborated favourably with the report of Nwankwo [41] . In environmental analysis, diatoms are useful palaeoecological indicators and have distinct ecological tolerance; and they provide a substantial amount of autecological information [42] .
Among the other airborne palynomorphs encountered in this study are dinoflagellate cysts. A total of 34 dinoflagellate cysts were documented (Table 1) . Few particles of fungal hyphae were recorded representing the enormous fragments circulating in the atmosphere. Fungal hyphae are among the common palynomorphs trapped in most aeropalynological studies. A total of 3 fungal hyphae were encountered in this study and they serve as inocula for fungal infection or as saprophytes (Table 1) .
Also, some bryophyte particles were distinguished and recorded from the trapped particles. Other remains distinct from the charred ones and was also recorded as part of the bioparticles circulating in the atmosphere. Bryophyte remains, algal cysts and uncharred plant tissues (particles) recorded in this study may serve interpretational purposes in environmental reconstruction. Similar findings have been reported by Agwu and Osibe [43] and Njukuocha and Osayi [44] .
Conclusion
Monitoring the pollen content of the air has become a standard practice. The results showed that the predominant pollen types belong to the family Poaceae, Elaeis guineensis, Alchornea cordifolia, Aspilia africana, Casuarina equisetifolia, and Tridax procumbens. The presence of Empetrum nigrum, Linum sp. and Vitellaria paradoxa pollen indicates evidence of long distance transport. There were significant differences in the mean pollen counts depending on the location and time of collection. Rainfall and relative humidity had more negative effect on pollen concentration. The effects of temperature and light intensity varied considerably with time and location because their effects are influenced by other meteorological factors. Airborne pollen grains were most abundant between September and January. Generally. The pollen types identified in this study reflect to a large extent the phytoecological vegetation of the study environment. The various ecological indicator species identified confirmed their origin as coming from forest-savanna ecozone that is anthropogenically disturbed.
Compliance with ethical standards
